This document contains the detailed experimental results, additional information on the models reported in the main text and information required to reproduce the reported models. Specifically, all measured adsorption terms are given, the detailed equations of the obtained models, a separate set of models for hydrogen and hydroxyl radical and details on the specific variables and applications included in each model are provided. The additional information provided for the modeling results are sufficient to provide the reader with the means to reproduce any model reported in the main text.
Equations for best models
Below the coefficients are given for the best models (out of the 27 possibilities, from A1B1C1 to A3B3C3) based on DFT data as indicated in Table  3 in the main text. Each table gives the variable identifier, the scaled model coefficients for comparing the importance of each parameter within a model and the real model coefficients to apply the model to calculate heat of adsorption values. As an example, the full equation for model A1B2C1: 
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Individual models for H 2 and HO
The heats of adsorption for H 2 and HO have been identified as potential outliers in the models describing multiple metals an adsorptives. To demonstrate that the descriptors proposed here are still valid to describe the adsorption of these species, they have been modeled separately using the best combination of descriptors identified (Table S3 ). Since in this case a model only describes a single adsorptive species, descriptors related to the adsorptive (x7, x8 and x9) have been discarded. The modeling results for H 2 (R² = 0.95 and RMSEE = 0.14 eV) and HO (R² = 0.91 and RMSEE = 0.48 eV) are shown in Figure S7 and Figure S8 . 
Detailed modeling results
This section contains the modeling results detailed to a level sufficient to reproduce any of the models discussed in the main text 1 . In the diagram below, the work flow for reproducing a scenario of choice is shown. One simply needs to combine information from Table S5 (data set), Table S6 (variable selection) and (training set selection) and regress a PLS model using one's software of choice to reproduce the models from the main text (main text Table 2 ). Using an appropriate implementation of the PLS algorithm, regression of a model with the same number of latent variables as indicated in the text will produce a model of similar quality and stability. Due to small differences in the various implementations of the PLS algorithm, small numerical differences in the results can be expected. One aspect in particular to keep in mind is scaling. After partitioning the data into a training and a test set, the training set should be scaled to zero mean and unit variance 2 . The column means and standard deviation obtained in scaling the training set should then be used to scale the validation set. Most commercial software packages will do this automatically.
Diagram 1 Flow chart describing the workflow to reproduce any modeling scenario from the main text 1 To facilitate the use of the modeling results the tables from this document can also be obtained in Microsoft Excel format from the publishers' website. 2 To scale the training set, first calculate the average and standard deviation for each column. The training set data is then scaled by first subtracting the column mean and then dividing by column standard deviation for each entry in a column. To achieve the same scaling for the validation set, apply the procedure above to the validation set using the column means and standard deviations obtained for the training set.
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